Although the list of known adaptor proteins has grown Proteins of the AAAϩ (ATPases associated with a variety considerably of late, little is known about how these of cellular activities) superfamily (Neuwald et al., 1999) proteins interact with their cognate AAAϩ partner. The are involved in a broad range of functions from transcripmechanism by which these adaptor proteins modulate tion to protein degradation. These proteins are ubiquisubstrate recognition or, more specifically, how subtously present in prokaryotes and eukaryotes and play strates might be transferred from one protein to the a crucial role in the proper maintenance of the cell since other is only poorly understood. In a handful of cases, they are often central to the protein quality control netthe N-terminal domain has been implicated in substrate work. In general they employ a common mechanism, recognition through the specific interaction with adaptor involving the binding and hydrolysis of ATP, to achieve proteins ( substrate from SspB to the ClpXP machine. Importantly, ( Figure 1B ). Together these data suggest that the 11 C-terminal residues of SspB (ClpX binding region; XBR) the C-terminal region of SspB (required for docking to ClpX) is also conserved in the other ClpX-specific adapare essential for the concerted SspB/ClpXP-dependent degradation of ssrA-tagged proteins. To confirm that tor protein, RssB. Furthermore, a single residue near the C terminus of SspB, conserved in both SspB and the C terminus of SspB was indeed responsible for recognition of ClpX, we synthesized a peptide correspondRssB, is essential for SspB-enhanced degradation by ClpXP, and hence we propose that this region may reping to the last 11 amino acids of SspB (SspB XBR ) and tested its ability to inhibit the SspB-mediated ClpXPresent a common motif for the recognition of ClpX and the subsequent adaptor protein-mediated delivery of dependent degradation of GFP-ssrA ( Figure 1C ). This peptide significantly decreased the SspB-stimulated substrates.
degradation of GFP-ssrA by ClpXP ( Figure 1C , black bars) while in contrast, it did not alter the SspB-indepenResults dent degradation of GFP-ssrA by ClpXP ( Figure 1C we analyzed the interaction between SspB and ClpX using a fluorescently labeled SspB XBR peptide. We monitored the emission spectra of the labeled peptide in the presence of wild-type ClpX or ⌬NClpX ( Figure 3C) . Consistent with the previous findings ( Figures 3A and  3B) , the fluorescence intensity of the labeled peptide only increased in the presence of wild-type ClpX ( Figure  3C , open symbols) and not in the presence of ⌬NClpX ( Figure 3C, black diamonds) , indicating that the SspB XBR peptide bound specifically to ClpX but not to ⌬NClpX. these conditions. Although the exact composition of the various complexes within these mixtures was not determined, they are expected to follow a normal distriet al., 2001). Using this information, we created a ClpX mutant lacking the first 63 amino acids, ⌬NClpX, and bution in vitro since both wild-type and ⌬NClpX exhibit comparable oligomeric behavior and ClpP binding (data tested the ability of this mutant protein to mediate the ClpP-dependent degradation of GFP-ssrA both by monnot shown). Consequently, the composition of these complexes within a given reaction can be estimated via itoring the fluorescence of GFP ( Figure 3A) and by analyzing protein amounts on SDS-PAGE ( Figure 3B ). Intera simple equation (see the Experimental Procedures), which can be determined from the ratio of wild-type estingly, deletion of the N-terminal domain of ClpX did not alter the ClpXP-mediated degradation of GFP-ssrA and mutant ClpX present in the reaction. Finally, we examined these complexes more closely by determining as the rate of substrate degradation by wild-type ClpX ( Figures 3A, open diamonds, and 3B ) and ⌬NClpX (Fig- the rate of GFP-ssrA degradation by wild-type ClpX, ⌬NClpX, and the various ⌬NClpX/ClpX mixed oligomer ures 3A, open triangles, and 3B), in the presence of ClpP, was essentially identical. In contrast, deletion of complexes in the presence of constant amounts of ClpP and SspB. These rates were then compared with the the N-terminal domain of ClpX specifically prevented the SspB-stimulated degradation ( Figure 3A , filled trianSspB-independent rate of GFP-ssrA degradation by ClpXP ( Figure 4D, lane 1) . Although SspB did not engles), indicating that the N-terminal domain of ClpX is essential for the SspB-mediated degradation of GFPhance the rate of degradation mediated by ⌬NClpX (Figure 4D, lane 3) , the addition of only one wild-type ClpX ssrA by ClpXP. To address whether this loss of SspBmediated enhancement of the ClpXP-dependent degraprotomer per hexamer was sufficient to restore much (approximately 70% of the average rate for wild-type dation was due to a loss of SspB binding to ⌬NClpX, In summary, Figure 5 illustrates the steps involved in transfer of the model substrate GFP-ssrA from SspB to
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